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Preface 


In order to prepare for the 1995 Conference of Parties <CoPJ of the Framework Conven¬ 
tion on Climate Change cFCCO. the World Wide Fund for Nature tWWF) requested the 
Institute for Environmental Studies in Amsterdam to conduct a study in collaboration 
with the Tata Energy Research Institute in Delhi. 

As indicated in the FCCC, the developed countries commit themselves to returning to 
their 1990 levels of anthropogenic emissions of carbon dioxide and other greenhouse 
gases (FCCC. Article 2.2b). The emissions of carbon dioxide contribute significantly to 
the possible enhanced greenhouse effect. The burning of fossil fuels is seen as the largest 
source of carbon dioxide emissions. 

Although developed countries have the first obligation to reduce their emissions, the 
present report focuses on contributions to be pursued by developing countries. In the 
FCCC developed countries have indicated to assist developing countries by transfers of 
financial means and advanced appropriate technologies on favourable terms. For this 
purpo.se practical mcxlalities are currently being developed. 

In attempting to contribute to such modalities, the present study has a two-fold objec¬ 
tive. First, it e.xplorcs cultural and economic constraints to low carbon and renewable 
energy technology in developing countries. Second, it attempts to convert these findings 
into a policy recommendation fv:>r the Conference of Parties of the FCCC. 

The repon is based on a review of literature, exp>eriise available at the Institute for 
Environmental Studies (lES) in Amsterdam, and the Tata Energy Research Institute 
(TERI) in Delhi. The results of brainstorm meetings held at TERI and lES are included. 
Sharmila Baraihan. Pankaj Bhatia and Girish Sethi of TERI wrote chapter 4, Focus on 
India, and the appendices A.3 and A.4. The other parts were provided by Roebijn Heintz 
and Peter van der Werff of lES. Peter van der Werff took care of the editing. Contribu¬ 
tions in content, editing and organization were given by Paul Hassing. Pier Vellinga, 
Onno Kuik, Joyeeta Gupta, Pieter van Beukering, Ajit Maihur and Pradeep Dadhich. The 
authors assume responsibility for the final version of the report. A shorter version, with¬ 
out the appendices, is published b\ the World Wide Fund for Nature (WWF) Interna¬ 
tional. 




Summary 


Strategies for energy efficiency and renewable energ\’ in southern countries should be 
based on domestic capacity building. A trend towards more sustainable technology 
should be generated within the southern societal systems and be applied in economic 
production, family households, and environmental management. 

Certain imp<^rted technologies, priorities and styles of management remain anomalies, or 
white elephants, in the receiving southern countries. There, cultural, behaviourial and 
economic patterns are geared towards solving other problems than climate change which 
became perceived as a problem by northern obscrv^ers only recently. 

Consequently, southern energy actors have to deal with the frictions between imported 
and domestic technologies, priorities and styles of management. Decisions of southern 
actors may partly be geared by nan-mechanistic thinking, whereas mechanistic thinking 
constitutes the basis of modern sustainable energy technologies, management practices 
and international policies. Discrepancies occur in the dissemination of information, enfor¬ 
cement of the law and environmental awarene.ss. 

Economic problems arise when imported technologies create inconsistencies between 
capital intensity, input requirements of the technology, and the resource and skill endow¬ 
ments of a counliy. Moreover, many imported technologies fail to fit in with the capital- 
labour mix. The developing countries typically lack in capital but have considerable 
labour resources at their dispKtsal. Domestic research and development is insufficiently 
stimulated by technology transfers. 

Certain international technology transfers, through trade, direct investment and aid are 
integrated in the southern systems. However, both their selection and diffusion require 
much prudence and should take place at the end of problem solving processes. Con¬ 
straints to desired sustainable energy technologies are found in high costs for private 
purchasers, lack of foreign currency, insufficient availability of sustainable energy' tech¬ 
nologies. a lack of information, and risks in domestic contracting. 

The study concludes that climate related funds of the Global Environmental Facilitv' 
should concentrate primarily on human resource development in southern countries. The 
GEF should generate conditions fur southern societies to develop, apply and absorb 
energy efficient and rene\\ablc energy technologv and management. It is proposed to 
realize this objective b\ creating environmentally sound energv agencies lESEAs) in 
st>uthern countries. 




1. Introduction 


This report focuses on ways to reach efficient usages of fossil fuel-based energy and the 
innovation and application of renewable energy sources in the southern countries. Such 
more sustainable energy strategies cannot be applied in tabula rasa, or empty situations. 
They have to fit in with existing patterns of thinking and behaviour of the energy' actors, 
the pnxlucers and consumers of energ\-. The understanding of these energy actors and 
their scxtietal systems is a prerequisite for effective sustainable energy policies. 

Therefore, this rept)n emphasizes domestic capacity building to facilitate sustainable 
energy prcxluction and consumption. However, this capacity building should not become 
a goal in itself. Any modifications in behaviour and thinking should actually result in 
sustainable energy prtxiuction and consumption. 

Both national and international conditions operate as constraints and opportunities for 
the relevant capacity building. Nationally, the societal systems have to dynamize a trend 
towards more environmentally sound technolog\'. This trend can perv’ade technological 
innovation and diffusion, economic production, family households, and environmental 
management. 

Cenain international technology transfers are integrated in the local systems and facili¬ 
tate a desired technological development. However, many impt^trted technologies remain 
anomalies in the receiving scx:ieties. These so-called white elephants do not fit into the 
e.xisting systems of technology, production, consumption and environmental management 
and control. Knowledge of success and failure of earlier technology transfer through 
trade, direct investment and aid need to be incorporated in energy policy making. 
International iechnt)logy transfer has also been a central issue at the United Nations 
Conference on Environment and Development (UNCEDl and the United Nations Frame¬ 
work Convention on Climate Change (FCCC). In southern countries these new arrange¬ 
ments for transfer of energy technology became part of the ongoing debate on white 
elephants. Some southern parties have interests in technology imports, others suggest the 
risk of dumping of northern technologies, and an underestimation of white elephant 
problems and differences in cultural, behaviourial and need paliems. 

Outline of the report 

In view of the abkive considerations, this repK>rt fvxruses on societal and economic con¬ 
straints to k>w carbon and renewable energy technology in developing countries. It 
studies North-South transfers of technology in their capacity to contribute to this goal. 
Con.sequently, it attempts to convert the.se findings into an elaborated policy recommen¬ 
dation for the Conference of Parties of the FCCC. 

Chapter 2. Technology in southern societies, reviews constraints to the development of 
software technology and enabling human capacities in developing countries. Chapter 3. 
Transfer of technology, describes channels of technology transfer and constraints opera¬ 
ting in these channels. Chapter 4, Focus on India, summarizes the two case studies as 
presented in the appendix, and provides conclusictns about energy technology in India. 




Chapter 5, Southern requirements summarized, reviews pi)int by point the conclusions 
from chapters 2-4. Chapter 6. Elaborated policy recommendation, translates the main 
conclusions into the one single, elaborated recommendation about domestic capacity buil¬ 
ding. 

Appendi.x A.l provides relevant definitions. Appendix A.2 is based on a review of lit¬ 
erature. First, it evaluates interactions between imported technologies and domestic sys¬ 
tems. Second, it provides factual information about the most important channels of 
North-South transfer of technology. Third, it reviews various constraints to imports of 
desired sustainable energy techm>logies. 

The la.st two appendices report on two cases studies conducted by TERI in India. Ap¬ 
pendi.x A.3 reviews the technology of power cogeneration in the Indian sugar industry'. 
Appendix A.4 concerns the Indian refrigerator industiy' and the technology' cooperation 
with a Japanese firm. 




2. Technology' in southern societies 


Mtxiern technologies, priorities and stales of management fi^r sustainable energy are 
imp<>rted fri»m the Xi^rth and differ fri'tm condiiii^ns in the South. There, cultural and 
behaviourial patterns are geared towards sohing other problems than climate change 
which became percei\cd as a problem by northern observers i'tniv recently. 

Consequently, siiuihern energy actors have to deal with the frictions between imported 
and domestic technologies, priorities and styles of management. Several North-South 
discrepancies are identified as constituting obstacles towards the development of human 
resc'iurces needed for env ironmentallv sustainable energv technologies. 

Decisions of .southern actors mav’ partlv be geared bv- nf/n-mccJiu/ustic thinking, whereas 
mechunisnc thinking constitutes the basis of modem sustainable energy technologies, 
management practices and international policies 
The non-mechanisiic preference of face-to-face ciimmunication and negotiation tactics 
hampers the dissemination of information based mechanistic telecommunication and 
the assumption of neutrally i^peraiing institutions 
Southern governments may be ^.irganized in northern styles but operate non- 
mechanistically. Funhermore. they arc not prepared to design integrated energy policies. 
The raising of a northern tv pc of awareness needed for mixicrn environmental pcilicies is 
still to be developed. 

2.1 Domestic capacitv building 

According to its wider definition, lechnoKigy includes not only hardware, but also 
so/'iware in the form of technical skills. In ihe energy sector, the involved actors engage 
in pvnver supplv. iransmissiv'n and consumpiivm bv enterprises and households, transport, 
cvx’iking and healing. Their skills determine giKxi housekeeping, repair, maintenance, 
research and devcKtpmeni iR&Dt and imports of energy technologies in utilities, busi¬ 
ness firms and familv households. Co-mmumcaiion abtmi hardware and software may 
suffer from inadequacies of information s_vstems, costs, available hardw'are and training 
I if skills 

The prtH.'css of human resource development, however, implies more than just technical 
skills iif the actors involved. It builds on cultural and behaviourial patterns of these 
eaerej actors fav<iurabie to sustainable energv lechmilogy It mi.xiifies the svKrial patterns 
in the areas of management of technology, knowledge infrastructure, customs of environ¬ 
mental checks and balances, and structures of ecv>nomic supply and demand. 

Endogenous technologies have the advantage i>f being historically integrated with the 
phvsical envirtmmeni and other human capacities. However. mv)dern energy prvxluciion 
and Consumption require a reoricniaiion in human capacities. A trend towards .self-impro¬ 
vement and the ocrco.ming of cultural and tvhavi-ourial barriers depend on adequate 
researen. information. sch\H)l education, child rearing, activism, rules and regulations, 
iunsjiciion. and informal citntrol. 




Literature and expertise available suggest that the raising of awareness constitutes a 
basie influence on sustainable energv behaviour In situations where economic and legal 
instruments find insufficient enforcement, the six:ictal envirxmmcnt can enable the deve¬ 
lopment of climate friendlv technivlogy by raising awareness. The economic environment 
often forms a barrier by generating high costs of sustainable technologies, thereby pre¬ 
cluding the maximi/aiion «'f profits in the private energy sector. Increasing the costs of 
cartKin intensive technologies bv incorpRiraiing environmental costs in energy prices and 
terminating the subsidies for the use of fossil fuels is rather absent. 

2.2 TechnolotL' at the cultural interface 

Poliev !echn(.>logies. pnoniies and stxles of management aiming at ihe control of carbtm 
cnergv cmis.sions are imported from the North and arc thercfvirc often very’ different from 
conditions in the South. Consequenilv. southern svicielics and actors, including energy 
actors, have to deal with the frictions between imported and domestic technologies, prior¬ 
ities and styles of management. 

The uneasv inicraeiions v^ccur at what can be called the culiurtil interface. One of the 
relevant differences is boiween the mechanistic and non-mechanistic thinking and behav- 
u)ur Decisions of southern actors mav partlv be geared bv non-mcchanislic thinking, 
whereas mechanistic thinking eonsinuies the basis of modern sustainable energy lechno- 
htgies. management practices and iniernaih>nal pA-'llcies. 

Mechanistic thinking largely shapes the northern notions of energy efficient manage¬ 
ment and innovaiion of aiiernalive cnerg) sources. This mechanistic thinking emphasizes 
rationality, lincantv. Uicus. the obioclifieation and control of nature, and the perceiving 
and solving of problems within the technological realm of life. Actors try to gain benefits 
through lechnidogical efficiency and inmivation. 

Nim-mechanisiic thinking allows b.Mh rationality and emvitionality. and implies subjec¬ 
tive. holistic and diffuse experiences of time and space, including the physical environ¬ 
ment. It coneeniraies v-n human beings and their inicraciKins. and perceptions and sol- 
uiiiins of siHCietal pn^bAms .■\ciors try to gain benefits through the sophistication of 
dealings with other pcfrie cf Hetlmsirom 1^85. Jacob Wd4. Shiva 1*^88. Van der Werff 
1 Odd t, 

As indicated a'rnive. rid onlv differences hut also interactions between mechanistic and 
non-mechamsiic thinking, n uablv in southern societies arc tv) be considered. On such 
type of interaction at me cultural interface, and a highly relevant one here, regards 
attempts to westernize mf. rmation dissemination. The persisting nun-mechanisiic prefer¬ 
ence of faec-lo-fuee conimunicaiion. then, can constitute a serious eibstacle to the impro¬ 
vement and use inf> rrr.ation sv stems which arc ba.sod on mechanistic telecommunica- 
iii>n and the assumpt: ri that disNcminaiion will txi pursued wilhviul particularistic 
motives .More like is. :n..: northern Jenved su>iainable energy knowledge and hardware 
are u.sed as trade oftN in negotiam;n tactics rather than as the neutral basis for further 
innovatii>n and diffusn n 





Soulhcrn guvernmeni insrauuons and judiciaries. allhi*ugh mhenied frum ihc North. 
laracK operate non-mechanssiicaily Funds, staff, ea^nomic in.struments and legal instru- 
menis u> control unsu.siainable sechm^logv or siimulaic sustainable technology may be 
used for negiUiatinn purpiNses. rather than for mechanistic ways t'f enforcing the law and 
concentrating on hardware and technological efficienc>. 

IniernaiuinalK, the high!) de\clopcd ncgi')iiatu)n skills of southern countries may con- 
tru.st with the northern focus on improvements of energv hardware. The subjectified e.\- 
perience of southern positions m the wtirld communiiv differs from the northern 
objectification iif gkibal environmental processes 
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3, Transfer of technoI<)g\ 

3.1 The pd.sitinn of transfer 

Several factors arc identified as constraints to the iniernaliona! transfer of sustainable 
energy tcchnok’»gics. The\ occur in the fields of finance, availability, information, institu¬ 
tions. research and development, and regulations. 

Domestic pn>blcms may arise when cimstrainis to transfer are overcome, but the 
imported technologies insufficiently contribute to technical and insliiuiiona! capacities in 
southern Sixrietics Toc> often the transfers regard only hard or embodied elements, or 
technoKig> packages without cnt»ugh s/'H or disembodied elements to facilitate domestic 
capacity building. 

Certain circumstances in southern cviuntrics demand for the impi'irt of low cartK>n and 
renewable energy technologies. However tKiih their selection and diffusion require much 
prudence and should take place at the end vif problem solving processes. 

Formulated in eciinomic terms, pnicesses of transfer imply interactions of international 
supply and demand which can be facilitated by removing constraints. Such constraints 
cither preclude the transfer of lechnt'logv in general, or cause purcha.scrs to select caiixsn 
intensive icchnol<igv. 

Preferablv. a technologv contributes tu consistenev between capital intensity, input 
requirements o{ the teehn<‘K>gv. and resource and skill ondviwmenis of a country More¬ 
over. lechnvilugios should fit in with the domestic cultural and bchaviourial structures. 

Many impv^ned technologies fail to fit in with the capital-latH.>ur mix. The developing*^ 
countries typically lack in capital but have considerable labciur resources at their disposal. 
Globally, the optimal demand for sustainable technologies would be determined by a 
perfect market reflecting the effects of global warming in prices. In the absence of such a 
market that takes full account of the environmental effects of technology, the global de¬ 
mand for sustainable technologies is rather determined by the sum of all national policies 
and the o<utc«»me nf international neg>'liations on climate change 

3.2 Channels of technology transfer 

Commercial channels 

Much transfer tif energy technology takes place ihrv>ugh the commercial channels i)f 
trade and foreign direct investment At the national level, many transfers entail the risk 
that the supplv does not match vvitn priorities of deveUtping countries. .At the individual 
level, private purchasers prefer ca.''b'*n intensive technologies to low carbon options as 
long as Ciwts-benefil ratios of the latter remain relatively unfavourable. These private 
decisions seldom reflect national env in snmcntal costs. In the ab.sence of a clear market 
for a particular technoiogv. b%uh parties will have to negotiate a price, which determines 
the disiribuium i*f benefits of this trade amongst the supplier and purchaser. 




Purcha.scrs of iechni)logy face several disadvaniagcs There ma> be inNufficicnl informa¬ 
tion abiml the nature of a certain technologv. prices and alternatives available. Insuffi¬ 
cient information before a purchase lakes place may give rise to difficulties in managing 
the lechntilogv once installed. 

Most southern countries have difficulties in attracting foreign direct investment. This is 
caused bv their political, economic and technical climate unsuitable for long term invest¬ 
ment. Moreover, foreign direct investment is influenced by a country’s balance of pay¬ 
ments and therefore, by the role of *nher financial flows, including the debt service. 

Son-commcrcial channels 

Technology can be transferred non-commercially through bilateral and multilateral gov¬ 
ernmental assistance. non-go\ernmenial organi/atu>ns. and international compensation 
mechanisms. The .second wav to acquire iechn<ilogies on a non-commercial basis is to 
make ulsc tif technvilogies that have passed init) the public di>main. Examples include 
tcchnok'»gies not transferred under patent restrictuins. or based on information which is 
iTcelv available, the attending of seminars, and the arranging of academic exchanges. 

Just as commercial technologv transfers, non-commercial transfers entail the risk that 
ihev do not match with the environmental interests of developing countries. Problems are 
funding of large, capital intensive projects and imports of m»nhern technology disruptiv'c 
U) indigenous technologv innovation and diffusion. Emphasis on transferring hardware 
rather than si*fiware technuhgv. and ued assistance m lending arrangements can be 
added to this list. 

In recent years, governmental aid fkms are stagnating. Moreover, it is difficult to trace 
the substantial new and additional rcs^iurces that the industrialized countries have pro¬ 
mised to prviv ide in the context of the FCCC 

3.3 Con.straints tu technology tran.sfcr 

Prominent eonsiramis to* iran.sfcrs v>f technokigy are high financial costs for private 
purchasers, iack tif foreign currency, lacking availability of sustainable energy technol¬ 
ogies t >n the internatu'nal market, qualiiv v>f informaiKHi, d(.>mesiic access to informaii».>n. 
and risks in di>mesue conlraeiing. 

At the individual level, both private and public energy actors prefer high carbon inten¬ 
sive technologies to low carbon options as long as cost-benefit ratio of the latter are 
unfavourable This is perhaps the most impvirtani e».>nsiraint to the development of 
sustainaole energv ieehn»'K>gv 

Mariv developing Cituntnes are severelv limited in their ability to acquire technology for 
V arious financial reas^'iis. Thev face a lack of k'reign e.xchange. Hence the oppK^rluniiy 
costs capital mav be exircmetv high. The instability of commodity prices and ineffec¬ 
tive siabihsaiiori programmes perpetuate the situation tRalh ld93. ECOSOC 1994. Ho- 
nno 3L Siv 19,spi 




\k^st multilateral and intcrnatit?nal lending insiituiH»ns are technoh»gically risk-averse. 
As a result, governments ma\ be reluctant to invest in hii^h-tcch projects that entail high 
capital costs. Although many sustainable energy technologies imply profitable investm¬ 
ents in the long term, upfront investments needed for major technological changes 
towards environmental sustainability remain lacking. Explanatory factors are also here a 
lack of capital and the short term interests of purchasers who have to operate in econ¬ 
omic svstems characterized by many uncertainiies. 

Communication between relevant parlies, and education and training at both sides are 
iiften advocated but inadequate in practice. Proper support, training, operation, manage¬ 
ment, repair, pi>st-cvaluation and feed back may bo lacking. 

On the .supply side, information mav bo lacking with respect it) the potential of markets, 
and the range i)f potential buyers. In pan this leads to an insufficient availability of 
sustainable energy lechnoltigics ai international markets. On the demand side, energy 
acKsrs in deveK)ping countries are often unaware of the type, variety and financial aspects 
of technologies available. International dissemination t>f information is hampered by lack 
of facilities and related skills. Domestically, the non-mechanisiic negotiation culture may 
aeneraic a tendency towards monop<.)lizing rather than disseminating information icf 
ECOSOC 1994 k 

Institutional oonsiraints include a lack of integrated energy policies, weak linkages 
between g^)vcrnment and industry, the ability i(.) integrate new technologies w'iih e.xisting 
procedures, and dvimcstic research and dcvciopmeni institutions There may be a lack of 
banking and insurance facilities. 

Southern governments insufficienilv guarantee the enfv^rcemeni of contracts. This gener¬ 
ates artificially created delays, shtiriages and uncertainties in the supply of energy, raw 
materials and prv>ducis, timely purchase, efficient public transport, construction, labour 
and payments <cf \'an der Werff 1902.*. 

Regulatory constraints operate in several wavs. Cv)nsuliancv and service contracts 
tk^ught from industrialized countries as complete systems bring a prolonged technological 
dependenev. Dcp)endencies on suppliers inhibit adjustments to Uxral circumstances and 
further dexelopmeni of the lechnologv t>n the spot Muliinatiimals may impiose control 
over prixluct choice and production methods Patent protection may constitute problems 
in tran'^fe^s ».>f new hii:h-icch facilities iTouche Ross 1991. Almeida 1993. OECD 1942). 

Three factors hampering southern research and devekipmeni <R&D) are identified. Un¬ 
certainties in the econt^mic svstems operate t** discourage long term investments, includ¬ 
ing for RtCD regarding sustainable energv. Tnc non-mcchanistic wtirld view implying a 
concentratiiin on SiK'ietal rather than technological solutions to gain benefits, precludes 
the innovation and diffusion of new energy icchniilogies. Multinationals tend to concen¬ 
trate R<S.D in their home country. 

In developing countries, environmeniai fhilicies and legislation are generally much less 
stringent than in the industrialized ct^untries. and actual enforcement is a critical problem. 
Si^uihcrn im|x>riers c<.»niinue using technologies that do not take ink) account environ¬ 
mental interests, since ihev are more easilv available and their u.se already familiar to 
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4. Focus on India 


4.1 Various industrial units 

The technology in most industnai plants in India was built twenty to forty years ago. 
Some plants have had ptunions revamped, have inirtxiuced piecemeal new units, or con¬ 
tributed u> an increase in energy efficiency by renewal of boilers, cogeneration units and 
heat recovery' units. Most plants have not updated their prix:esses or equipment to mod¬ 
em levels of technt)logy on an integrated basis. There is a need to mcxlemise many in¬ 
dustrial facilities to increase energy efficiency, reduce emissions and increase 
competitiveness in world markets 

A clearer picture is obtained if the status of technology, on -an average, is e.xamined in 
large scale industries, small and medium .scale industries, and industries in the informal 
sector. Large scale industries arc characterized b> sophisticated and modem technologies. 
Efficiencies of largo scale cement industries on par with the wcirld’s standards can be 
cited here. The small and medium scale industries, which constitute the most dynamic 
sector in India, are characterized by less energy efficient technologies. In the informal 
sector lab.>urers are unskilled and work with simple, inefficient machinery. This is true in 
the case of tanneries. d\ e-houses, h sundries, jaggciy units, and repair shops. 

4.2 Ca.se studies 

This report .summarizes two case studies of improving energy efficiency and renewable' 
energy conducted by TERI One regards the refrigerator industry and the other biomass 
based cogeneration in the sugar industry 

Cogeneration in the sugar industry 

Some earlier research on surplus fKiwer generation from the Indian sugar plants shows 
that us pt'tcniia! depend'- on two factors. Both the degree of efficiency improvements 
adop^t^cl by the mill and the thnler and lurbo-generaior configurations count. In 1993 the 
Task Force set up bv the Ministiy of .\onconvontiunal St.»urces. Government of India 
estimated the puential of surjilus power generation as 3436 MW by the end of the 
Eighth Five Year Plan in 19^^-1997. 

The case of biomass based cogeneration in the sugar industry reveals that indigenous 
capabilities h t the design and manufacture of high pressure energy efficient b<,)ilers and 
turbines Usr cogeneraiuin plants are limited. Lv)w pressure and low temperature systems 
for steam and power generation are predominanilv emploved in the sugar industry in 
India 

High proNvure and high temperature cycles fi>r ci>generatii.>n plant would require e.xpert 
professionals to operate and manage the s\ stems In additii>n. appn>priaie training for 
professit»nals to «t[x?rate tne et>generaiion s_v stems effieienth need U) form an impe>rtant 
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clement of tcchnoi<'^gy transfer. This suggests that a!! packages i)f technology transfer 
should thoroughly build in the component of capahiliiv development 
It is difficult to raise the initial capital. Therefore, other investment promotion mech¬ 
anisms arc required. L’tipuckt/^^cd technology acquisition is preferred because India has 
competent technical and managerial manpinvcr. 

Perhaps the largest impediment for the development of cogeneration in the Indian sugar 
industrv' is the lack of clear pv'licies by the central and stale governments regarding the 
sale tif cogencrated power to the grid. The ambivalence of the Stale Electricity Boards is 
e.xplained by uncertainties ab(.)ut the supplv of cogeneraied power. 

Constraints such as technological inertia, especially h.ir older mills, in adopting the 
advanced cogeneration options, of course, do e.xist. However, once the sugar mills man¬ 
agers become fully aware of the enormous advantages, their reluctance to undertake plant 
mi-Kiifications wviuld be overcome. 

The refrigerator industry 

In the Indian refrigerator industrv-. indigenous technology development in the field of 
compressor design and development is absent. Thus, all compressor and refrigerator 
manufacturers have technology partnerships with foreign companie.s. 

Field and labviraK^ry tests of energy consumption show that the average energy consum¬ 
ptive vif Indian refrigerators falls short of the intcrnaiional standards and has much scope 
for iechnv>lv^g\ upgrading With the rapid grownh v>f the Indian economy and changing 
life styles vif the Indian middle class, the refrigerator is increasingly considered a neces¬ 
sary’ household cvimmvKiiiy rather than a luxury The demand in the refrigerator market is 
expected to grow at JoH- per annum in the 199Us. 

An analysis of energy savings and subsequent greenhouse gas emission abatement for 
prexiuction v)f the lh5 it mcxjcl refrigerator under two scenarios reveals that total savings 
are of the order of 2o and 54 million tonnes respectively, in the year 2005. The state-of- 
the-art icchnv4vtgics in it ns sectvir have the scvipe to reduce energy consumption by 10- 
25^r. 

4.3 Domestic capacity building 

Domestic capacity building ihrviugh icchmaocy tran.sfers has been rather un.saiisfacti'ry 
sv>far. In a study carried out on strategies and instruments to pn>mv>te energy efficiency in 
Asia, it has been observed that both energy efficient use at the plant level ar>d the imple¬ 
mentation v'f policies shv)W serivius shortcomings arising from the lack of human resource 
development fECX 1004; 

Technology impviried inui developing eouniries hardly ever reaches its design capacity 
and ns perUirmancc vanes significantly over its vvpcraiional life. .A study conducted in 
.•\sia and Brazil reveals that in the energv and tdher sectors in the deveK>ping cviuntries, 
in practice, the operating irrnancc of many impviried techn<ilogies does not even 
initially reach its poieniial as given in the design speeificatii'ns. and subsequently folKwvs 
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a decline ihai at best remains siagnani and at wt>rsi shows a Cisnsiderable deterioration in 
pert\irmance iIAEE 19d3). 

This leads back to the aforementioned inference that technology transfer, in order to 
improve the rational use of energy, requires an intensi\e upgrading of the technology- 
software compK»neni and the enabling environment; the development of human endowed 
capabilities. 

One reason for the neglect of the human capability argument is the discrepancy of short 
term and kmg term interests. In the short run, costs of capability building are high. In 
economic environments where change is slow and investments risky, there is neither 
much incentive to make long run investments, either financial or in human endowed 
capability development, building, .\noiher reason is the prolonged underestimation of 
N’onh-St>uih cultural differences in determining what is efficient management, and per¬ 
ceiving and solving technological problems. 

E.xisting international financial mechanisms discour-age long term relationships between 
techno!og\ \endors and buyers. E.xpcnence shows that they tend to be ad hoc -and pre¬ 
clude the accumulation vif experience and learning. This stems from the anarchic nature 
of international capital which seeks short term prvifii maximisation, quite in contrast to 
the long term stability of industrial capital (lAEE 1993). 

.\m)iher px^ini that warrants mentioning regards the necessary complementarity between 
impKirts of technology and domestic scientific and technological efforts. This again calls 
for a\ailability of financial resources for the promotion of R&D activities either at the 
micro macrv.i level. In Cvinjunction with this is the formulation of effective policies for 
initiating and pursuing RJxD. .A direct recommendation for policy making is that 
measures to increase the scope and depth of knowledge acquired by importing firms 
through collaborative agreements need to be strengthened. 

While evidence clearly suggests that impon of technology has often led to R&D acti¬ 
vities and has increased the importing firm’s technological capabilities, it does not imply 
that R&D activities by Indian firms are only carried out along with imports or that im- 
fK’irted technology is a necessary condition for the growth of RScD activities. 

4.4 Technology transfer 

The se»'pe for international eo-i speraiion in pn.imoting the transfer iif energy Simnd tech¬ 
nologies essentiaiiv lies in four areas it capacity building, 3) dissemination of informa¬ 
tion. 3t making available isnancia! resources and 4t facilitating transfer of technology 
from the northern lo southern countries 

One of the kev concerns from a si>uthern country’s pt^ini of view is the lack sif informa¬ 
tion .A. recommendation could be that iniernaiional organizaiivins act as clearinghouses 
for coordinating exchanges .A. role mt-Kiel could be that of the UNEP Industry and Envi¬ 
ronment Pfi'gramme .-Kctiviiy Centre ilE-P.-\C). 

Related to this is the development of KH:al organizations Existing centres need lo be 
strengthened lo ensure effective disseminalu»n vtf informaium at the grass-mot level. 
Monopolisation of information is common practice When the secretary-general of the 
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natiDnal Chamber of Ci>mmerce informed kx:a! chambers of eismmerce of ihe existence 
of the International Chamber of Ct^mmerce’s Envin^nmcnt Bureau i!EB». a number of 
distilleries got in ti>uch to collect the relevant information. In India this drew the atten¬ 
tion as something rather exceptitinal and a success sior\' ttf ht)w local organizations can 
plav a key role 

In the manufacturing sector the transfer of technv’*Iogy is perceived as risky. Tlie compi¬ 
lation and dissemination of inft>rmaii{>n about sale terms and prices is insufficient. This 
makes industrialists feeling unprepared for dealing with a large multinational supplier. 
Information dissemination based on demonstration projects is also insufficient. 

The ne.xt ctmeern is about financial mechanism.s. without which the dissemination of 
information is rendered worthless. In addition to the new mechanisms of the FCCC - the 
Global Environmental Facility and joint implementation - there are various .sources of 
financing technology transfer These arc provided b\ commercial banks in the South and 
the North, multilateral de%el(5pmcnt banks, and governments. 

Generally, much technology transfer requires a facilitator or a middleman. .More and 
better domestic facilitators are required because external facilitation I'lften lacks modifica¬ 
tion in light of southern experience. FaciiitaU)rs tend to focus on projects instead of pro¬ 
gramme assistance. In India this coincides with the emphasis on augmenting capacity in 
the pvwver sector by scatiercd projects, whereas los.ses from transmission and distribution 
remain high arc require a structural approach. 

Indian buvers. when given the choice between capacity addition or energv’ conserving 
technology by domestic facilitatvirs. choose environmentally sub-optimal technologies. 
Moreover, the facilitators do not dedicate themselves to the promotion of best avuilublc 
retrofit techn(ilo^^\ iB.A.RTi The Indian government does not invite for substantial impro¬ 
vements here. 




5. Southern requirements summarized 


The preceding chapters ha\e explored requirements for reinforcing sustainable energy 
technology in southern siK'ieties, These field requirements are summarized below. Chap¬ 
ter h translates these requirements into an elaborated ptslicy recommendation proptised to 
the Cimfercnce of Parlies vT the FCCC in March 

I. General requirements 

1 1 In i-irdcr to achieve sustainable energ\ targets, give top priority to capacity building 
(if cncriii uciors in the Si'uih. 

1 2 Suppi^rt the creation of enabling societal cnvinmmenis and endogenous technological 
deveU'»pmenis. 


I 3 Develop permanent programmes to raise environmental awareness and the under¬ 
standing of w'ln-iiin options beneficial to both economic and environmental interests. 

1 4 Facilitate technology impn^rts which ^uil the evohemeni of enabling environments 

and sustainable energy development, and arrest other technology imports. 

2. Enerj^v- actors 

2.1 Aim pv)licics at tv/cr^j actars f('>r the benefit of g<x>d housekeeping, repair, main¬ 
tenance. and UH;al research and development (R.&:Dk 

2.2 Facilitate public and private acquisilum and dissemination v>f information on techni¬ 
cal spccificaiums. quality certification and economic feasibility of new technologies. 

2 3 Review and funher utilise experiences of succes>ful sustainable energy R&D activ¬ 

ities taking place in countries such as India and China. 

3. Enablint’ environment 

3 1 Review obstacles and improve national and international communication between 

dCtors in bus.incss communities, environmental management, education, informative, 
research and activism. 

3 2 nhvcp»e obstacles and improve inhirmation s\stems and access to them, including 
s*s.'io-i'Hthiical barriers, cvssis. available hardware and training. 

3 3 Develop an integrated }'h»1icv btr an enure cvsuntrv-. 
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3 4 Create a demand ft>r sustainable energy suppK. 

Facilitate profit maximi/aiion with sustainable energx technologies in the private 
energy sector. 

^6 Supps>rt the development and implementation <>f techniques to raise environmental 
awareness in siiuthem governments and citi/ens. 

3 7 Acknow ledge southern problems i>i‘ the Luliiirul irncrfacc'. the interaction between 

im}X>ncd technologies and situihern categories of acting and thinking, systems vif 
ecv'nv'mic pr^xluciion and environmental management, power relations and perceived 
priorities. 

3.8 Improve the understanding of southern non-mechanisiic thinking and acting if these 
are to be adjusted to northern induced carbcin tcchnv4ogies and policies. Acknowlcd- 
fcic advantages and disadvaniages of mechanistic thinking which dominates the inno- 
vaiivm and diffusion of most lechnologv. as well as international pi’ilicy making. 

4. Import of technologies 

4 1 .AppK experience gained in \orih-Souih ctK'peraiion in trade, joint ventures, multi¬ 

nationals. banking. iofficial development aid. and non-governmental organizations. 

4.2 Build skills of lechnologv cvnipcration in both northern counierpans and southern 
energy actors, including governments and business civmmunities. 

4.3 Enlarge southern pnvaic sector demand of sustainable energv technologies by north¬ 
ern expt^n subsidic'' and risk shanng arrangements. 

4 4 Fac'.liiaie that lechnolt.gv imfx»ris fit the host ci>unirv's economic factor mix, domes¬ 
tic market structure, and balances between public and private, large and small-scale, 
national and mtcrnaiionai firms. 

4 5 Urge h»r technolugs imfKsri citniracis which envisage domestic capacity building du¬ 
ring the stages of design specification, ripening performance and subsequent trajecto- 
rv. ti) ensure the c*'-allocation of own restturccs and endogentms accumulation of 

technI tlogIca! capab!! i ::lw . 

4.0 Decrease the Jependenev from multinationals by enabling the purchase compeinenis 
of packages separaielv. panicuiarly if resources arc available domestically. 

4.7 Impriwc international regulations with rcs^x:cl tv» intellectual prvvpertv rights and relax 
unnecessary resiricl’a ^ns 




4.8 Enhance the intcrnahonal access in lechnolegy b\ financial instruments in the csiim- 
mcrcial channel, and upgrade the access tc^ inUirmati«.»n systems in the non-commer¬ 
cial channel. 

4,4 PrcNcnt nt^rihern Citmpanies and go\ernmenis from using technology transfer as a 
means to test not vet matured iechm^K»gy. Demand that onlv matured technokjgies 
are transferred. 




Elaborated policy recommendation to the FCCC 


1, Central recommendation 

The present study concludes that the climate related funds of the Global Environmental 
Facility should concentrate primarily on human resource development in developing 
countries. It should generate conditions for developing countries to develop, apply and 
absorb energy efficient and renewable energy technology- and management. 

This conclusion is proposed here as an elaborated policy recommendation to the Frame¬ 
work Convention on Climate Change. The recommendation might be used in the meeting 
of the Intergovernmental Negotiating Committee in February 1995 and the Conference of 
Parties in March 1995. 

This recommendation fits in with the recommendation regarding of the Intergovern¬ 
mental Negotiating Committee (18 January 1995, III.A, Strengthening Teehnological 
Capabilities). The proposed shift in the objective of the Global Environmental Facility' 
would also reduce ongoing controversies concerning the principle of incremental costs. 

2. Principles for the recommendation 

The above recommendation is based on a set of principles drawn from the conducted 
study. 

* Climate change polity making shi.mld primarily build on priorities for environmentally 
sustainable energy priKluction and consumption in both northern and southern 
stxrieties. Demand side energy efficienev’ and the development of renewable energy 
sources to control carbon dicxxide emissions are important to reach this goal. 

* In southern societies the development of human capabilities for environmentally 
sustainable energy technology is crucial. 

* Southern stKielics have long-established patterns of environmental management, but 
these have to be adjusted for the effective coping with impy:>ned energy technology-. 

* E.xpliciily assessed Uveal and national requirements should constitute the basis for 
ccx>poraiion in software and hardware energy technology. 

* Northern gi>vernmeni assistance, technology ctKipcraiion and technology transfer to 
southern countries is must effective when it supports human resource development and 
is not donor-driy-en 




* As bv far ihe larger pan lechnok^gy ci><^peraii»in and transfer lakes place in the 
privaie sccior, sustainable energy fH»licies should include this sec:i>r. 

* The Gk>bal Environmental Facility is only a first financial instrument to address cli¬ 
mate change problems and attention has to be given to other financial institutions. 

* The inclusion ef su^^iainable energy loan conditions by multilateral development banks 
(MDBs) is unpopular with recipient countries. A new approach is advcx:atcd by w'hich 
environmentally sustainable energy projects are submitted to MDBs. 

* Developing countries should be enct'iuraged tc» establish agencies for the promotion of 
environmentally sustainable energv. as further described below. 

3. Environmentally .sound energy agencies (ESEAs) 

* The Glc^bal Environmental Faciliiv should invne developing couniD' cabinets to estab¬ 
lish environmcnhillj s- z/zh/ energy agencies fESE.Asf at the level of nations, federal 
states, provinces, or groups of small countries. 

* These agencies should not be regarded as buildings, but as networks or groups of 
domestic experts reprcNonting the private, government and N'GO sectors, who are suc¬ 
cessful in the field of env ironmenially sound energy lechnoK'isv 

* The ESEAs shiiuld cvmsolidatc the public-private partnerships <PPPs) of government 
officials and industrialists, and include NGOs. 

^ These agencies could be either separate from planned environmentally sound lechnol- 
ogv centres ’ESTCs*. or ctiincide with these centres. 

4. Human resource development by southern ESEAs 

The public, privaie and NGO partners in the ESE.As joinilv submit project propvtsais to 
the Global Env ironmentai Facilitv regarding domestic human resource development, 
which enables reaching the long term goal of env iro^nmcnialK sustainable energy tcch- 
noKigy. 


* The ESEAs promote human resource development through any other means which 
enable the hmg term development of environmentallv sustainable energy technology. 
Examples are listed below 

* The ESEAs stimulate the design and distribution of educuliv'na! packages for schools 
and universities 
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The ESEAs siimulatc en^ imnmenial av.arencss raising among ihc wider public ihrough 
radin and telcvisitm. 

* The ESEAs slimuiate the creation of accessible lerminologies in vari(3us regional lan¬ 
guages. 

* The ESEAs sock ways U> overcome inicrculiural discrepancies which hamper ihc dis¬ 
semination of information, energy efficient ht »usekceping, research and development, 
functioning of public organizations, and enUircemcni of the law. 

*= The ESEAs arrange for visits to universities and industries by (cams. 

* The ESEAs arrange hir workshvips Kir experts. 

* The ESEAs facilitate relevant interaction and communication between energy actars. 

5. Technological development by southern ESEA.s 

* The ESE.As stimulate small-^cale energy lechnologv expenmenis, and build on suc¬ 
cessful examples. 

* The ESEAs arrange for private international cixiperaiion in the field of environmental¬ 
ly sustainable energy technology which supp<3ns human resource development. 

* The ESEAs invite fsir, screen and design project propKjsals for cooperation in the field 
of environmenialK suNtainablo energy tochn»,>logy and submit these to donor agencies. 

arrange for lechnologv cvsiperatuin ihrough joint implementation. 

*■ Because opp^irtumties K t sv>ft I^'ans are limited, the ESE.As seek other ways to trigger 
commercial invesimcnK in the field of env ironmeniallv sustainable energy technology. 

The ESE.-\s contribute to the national reporting 'af emission inventories. 

6. Expected benefits 

* The private, public and XGO actors, the Global Environmental Facility and foreign 
donors jom hands m building the hiundation for environmentally sustainable energy 
technology development in the South 

* This human re.Miurce building generates the domestic design and funding of environ- 
mentallv sustainable energv projects. 




* The kmc, term appri>ach of human re-^iiurce development ftur environmentally 
Kusiainable energy techm^higy in the S<^uih contributes to structurally tackling the long 
term problem of climate change 

K The emphasis on energy efficiency and rcne^^ables presents an oppt>nunity for win-\vin 
straicisies, aiming at both economic and environmental benefits 

^ The human res»>urcc building h'r environmentallv sustainable energy technology in the 
South contributes to technoU^gical and econi>mic self-reliance of developing countries 
and preclude the establishment of new n/uic ciephunts. 

Energy' tcchnok>gy projects funded by multilateral and bilateral development agencies, 
the private sector and under joint implemcniaiit'm arrangements are more in line with 
the development of human capabilities needs in the South. 

* Energy technologv projects funded by multilateral and bilateral development agencies, 
the private seci<.'r and under joint implementation arrangements are more environ¬ 
mentally sustainable. 

* The cost-effectiveness of technology transfers mt>re assured. 

* The domir-driven character o{ energy icchno]<.>gy transfer is reduced. 

* Special programmes are devek'ped u> enable multilateral development banks (MDBs) 
and commercial banks to spend at least Iti^r of ihctr energv loans on environmentally 
sustainable energv projecis. 

* The discussion the Global Environmental Facility’s objective of incremental costs is 
reduced. 
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APPENDICES 
A.l Definitions 


Technology 

The term technology' adopted in this report contains two aspects: 

♦ Knowledge of methtxis and techniques of the prtxduclion of goods and services, inclu¬ 
ding skills for the applicaikin of these techniques. This knowledge is also called soft¬ 
ware, or disembodied technology, 

♦ Tools, machinery', equipment and entire production systems. These are also called 
capital goods, hardware, or embodied technology. 

Packaged and unpackaged technology 

Packaged technology includes Ix-ith software and hardware, or disembodied and embodied 
components. Unpackaged technology consists of only one component of technology, 
either software or hardware 

Sustainable energy technology 

This report distinguishes two types of sustainable energy technologies. The first are fossil 
fuel-based energy technologies that reduce the C02 emissions per unit output (ratio 
C02/y). Both improved hardware and better management can contribute. The second 
type of sustainable energy technologies regards renewable, non-carbon energy sources 
and their further innovation, diffusion and application. 

Technology transfer 


Technology transfer lakes place when software or hardware or both are moved from one 
location to another (cf Rath Wd3:28L 




A.2 International Technology Transfer 


Appendix A.2 is based a review of relevant literature and expertise available at the 
Institute for Environmental Studies. First, it evaluates interactions between importcxl 
technologies and domestic systems. Second, it provides factual information about the 
most important channels of North-South transfer of technology. Third, it reviews various 
constraints to imp<.^rts of desired sustainable energy technologies. The most prominent 
constraints identified are high financial costs for private purchasers, lack of foreign cur¬ 
rency, insufficient availability of sustainable energy technologies, information, and risks 
in domestic contracting. 

A.2.1 The position of transfer 

Transfers of technology may insufficiently contribute to the development of domestic 
technical and institutional capacities in southern .societies. Too often the transfers regard 
onlv hard or embodied elements, or technology packages without enough soft or disem¬ 
bodied elements. Furthermore, even the transfers of software technology have limitations. 
Locally shaped technical skills and experience need a reorientation in order to deal with 
technological factors transferred from the North in recent times. Such a reorientation 
facilitates ways to select, acquire, absorb, operate, adapt, maintain and further develop 
imported technology lo the benefit of the environment and economy welfare. Roots of 
adjustment problems lie in local knowledge, customs, perceptions and organizational 
principles, in short, cultural and behavioral structures which were once more or less 
functional. Processes of technology transfer are appropriate if they support reducing 
these problems. 

Constraints lo absorb and adapt imported technologies by management and labour are 
found in access to information, capital budget, economic risk and attitudes and support 
from governments. There ^>ccur inconsistencies betwe^en capital intensity', factor propor¬ 
tions or input requirements of the technology, and the resource and skill endowments of 
a country’. Many imported technologies fail to fit in with the capital-labour mi.x. The 
developing countries typically lack in capital but have considerable labour resources at 
their disposal. 

Three types of influences to decisions by energy actors are commonly discussed. First, 
prices of technologies are regarded as of central importance. Second, experienced uncer¬ 
tainties in the ecimomic s\s!em. and information and availability of technologies are 
regarded as relevant. Third, the mutual pri>ponions and interactums of these factors shift 
among various types of acti^rs and stages of development. 

A.2.2 Commercial channeLs of transfer 

Much transfer t)f energy iechnolog> takes place through the commercial channels of 
trade and foreign direct investment. For private purchasers, the most important factor 
determining decisions is the co.st-bcnefit ratio. Private purchasers prefer cartKin intensive 
technologies to low carbitn t>ptions as long as ct>sts-bencfil ratios of the latter remain 




relativelv unfavourable. These private decisions seldt^m reflect national environmental 
costs. Compensating government interv’entions may remain ab.sent. 


Trade 

The trade channel concerns dealings between two parties. Here a supplier sells the tech¬ 
nology once and the recipient acquires a legal interest in it. Technology' transfer through 
trade typically applies to hardware, also called embodied technology. The price of the 
technology reflects the size of the benefit that accrue to both parties. 

Suppliers consider technology invariably as a pnxluciive asset with a commercial value 
which should be reflected in its price. The larger the number of suppliers of a particular 
sustainable energy technology, the more the price will be market-based rather than de¬ 
pending on individual bargaining. 

Purchasers of technology face several disadv’antages. There may be insufficient informa¬ 
tion about the nature of a certain technology, prices and alternatives available. Insuffi¬ 
cient information beft^re a purcha.se may give rise to difficulties in managing the lechnol- 
i>ev once installed. Moreover, there may occur monopolistic tendencies. As Rath et al 
(1^93:311 write: 'Technology suppliers have thus been able to combine ownership of 
technology, dominant market power, access to financial resources, and skilled personnel 
to e.xtract advantageous agreements from developing country firms and governments.’ 

Foreign direct investment 

Under foreign direct investment, a muhinational corporation may establish a foreign 
affiliate under effective control by the parent firm. Through foreign direct investment, 
technology is usually provided in a package of software and hardware, in return for 
equity, royalties and other e.xplicit payments, or implicit payments such as profits for the 
parent firm. 

Foreign direct investment is influenced by country' credit ratings, which are themselves 
determined by the existing status of a country'’s balance of payments (UNCTAD 1994:5), 
The balance of payments reflects, inter aha, the role of other financial flows, including 
the debt service Large financial I'iutflows required to meet debt obligations are common 
phentmena in devck)ping ci>uniries. 

In contrast to a limited numlx;r iT fast growing .^sian countries, most developing coun¬ 
tries have difficulties in attracting foreign direct investment and thereby acquiring tech- 
nolt>gy and capital. The capacity tT countries to attract foreign direct investment depends. 
inter alia, cm their political, economic and technical climate, which should be suitable 
and predictably' stable for a long term investment (ECOSOC 1994:11), 

Special arrangements 

A iechnok>gy may be sold under a iicensin^ agreement, a legal contract under which the 
licensor confers certain rights up<m the licensee for a specific duration in return for cer¬ 
tain payments. Such transfers typically apply to software technologies. Payments may 




take place in the form of royalties or a share in the profit, and typically depend on the 
bargaining prtxress rather than on the nature or current market value of the technology. 
Joint venture arrangements refer to partnerships between private or public enterprises 
where equity, risk, control and authority are shared. Technologies transferred through 
joint ventures typically ct>nsist of packages. 

Turn key arrangements involve the embodiment of a fully packaged technology transfer, 
whereby the contractor hands over to the client a fully commissioned and operational 
plant, including all hardware and .st>ftw'are components. 

A. 2.3 Non-commercial channeLs 

Non-commercial transfers of technologies occur in two ways. First, technology can be 
transferred through official de\elopmcnt assistance (ODAi. non-govemmenial organiz¬ 
ations. and international compensation mechanisms of environmental agreements. Assist¬ 
ance takes place in variiius stages of the technology transfer process, such as providing 
financial and technical assistance, increasing information on the technologies available, 
assisting in the assessment national needs, or supporting the application and adjust¬ 
ment to local circumstances an imp^jrted technology. 

The second way to acquire technologies on a non-commercial basis is to make use of 
those technologies that have passed into the public domain. Examples include technol¬ 
ogies that have never been transferred under patent restrictions, or of which the patent 
has expired, typically after 15-2d years. 

In technology transfer via the non-commercial channel there is a high risk that the sup¬ 
ply does not match with priorities of developing countries. A number of biases in trans¬ 
ferring technol(.>gy through aid have been identified. Touche Ross (1991) points at a flow 
of funds into large capital iniensive projects, and imports of northern t€x:hnology disrup¬ 
tive to indigenous technology innovation and diffusion. 

Emphasis on transferring hard technology rather than soft technology’, and lied assist¬ 
ance in lending arrangements can be added to this list. As a result, technology transfers 
through non-commercial channels are not alw’ays in the best interest of the receiving 
country”. Mi)reovcr. official aid flows are stagnating, and it is difficult to trace the sub¬ 
stantial new and additional resources that the industrialised countries have promised to 
provide in the ct>ntexi of the FCCC. 

A.2.4 Constraints 

The abtwe prtwided informatstm is ret organized and supplemented under the headings of 
varitms constraints reviewed below. 

Financial constraints 

International access to sustainable energy technology depends on the terms upon which 
a lechnolt^gy is purchased from commercial .suppliers, and the terms upon wbich financ¬ 
ing is made available to developing countries tRath et al 1993:42). Hence, access tu 
lechni)k)gy in the commercial channel is primarily a matter of finance. As stated above. 




obstacles in the non-commercial sector arc found in the quality of information and dis¬ 
semination. 

A major financial constraint (.operate at the national level. Many developing countries are 
severely limited in their ability to acquire technology for financial reasons. Developing 
countries face a lack of foreign exchange, and hence, the opportunity costs of capital 
mav be extremely high. Most muliilaierai development banks and international lending 
institutions are technologically risk-averse (ECOSOC 1994:16k 
As a result, gt)vcrnments may be reluctant to invest in projects that entail high capital 
costs. As foreign exchange in developing ct^untries is often under government control, 
private enterprises may be severely limited in operating independently and purchase the 
technology they perceive needed. 

Another important financial constraint are unfavourable cost-benefit ratios for the supp¬ 
lier and even more so for the purchaser of an energy technology. The buyer will compare 
the cost-benefit ratio for the sustainable technology in question with the cost-benefit ratio 
of alternative technologies. A sustainable technology will be selected only if the e.xpected 
net benefits of this investment exceed the net benefits of a carbon intensive technology. 
Both e.xplicit costs such as royalties and transaction costs, and implicit costs such as 
restrictive conditions are to be cimsidered. Capital is often lacking in cases where the 
technologv demands a major upfront investment. Ev'en though a number of sustainable 
investments may be economically justified over lime, purchasers prefer carbon intensive 
technologies with lower upfront investment, disregarding the fact that these are less prof¬ 
itable over time. 

Consultancy and service cc^ntracts have to be bought from industrialized countries as 
complete systems. This reinforces the prolonged dependency. In many cases, developing 
ccxintries do not purchase individual components of packages separately, even if 
resources are available domestically. 

Multinationals, in order to maintain control over their technologies, may impose tight 
control over product choice and production methods, leaving the local subsidiaries with 
verv' limited control over technologies. Similarly, turn key arrangement often bring very 
little real transfer of skills or development of local technological capacities. 

Research indicates a number of restrictive clauses in case studies on technology cooper¬ 
ation between mullinativmals and Asean countries (cf Horino &. Si\' 1986:451. These 
restrictions include limilatiims on marketing territories, purchasing and pricing strategies, 
diffusk>n of technology, and Uxral research and development. E.xpenditures for tied pur¬ 
chases of materials fntm technoU^gy suppliers constitute a large proportion of total costs 
of technology transfer. 

The instability of commiKiity prices and ineffective stabilisation programmes contribute 
li> the .stagnating and unstable macro-economic climate in many developing countries. 
Credit facilities and foreign and domestic investments, in particular to overcome the 
Internationa! debt problem are insufficient. 

Technukigy transfer aid programmes often fall short in perceiving southern interests and 
reinforcing Siiulhern capacity building. The environmental technology programme 
MiLIEV of the Dutch government is criticized for such an approach. It is regarded to be 
northern-indu.stry-driven instead of aiming at an integrated development in the recipient 
tuntries. 




Information constrainOi 

\ ver\' imponant barrier frtr the would-be purchaser of a technology is the lack of infor¬ 
mation about a number of issues. The purchaser may lack information atK)ul the range of 
technologies available and ihe expenise to apply them effectively. He may not know 
about the range t>f suppliers isffering the technology and the performance of these tech¬ 
nologies. 

ICnowledge of the market price, including an implicit and e.xplicit cost-benefit picture 
mav be inadequate. Which programmes to finance technology transfer arc available? 
What are the environmental effects of iechnt>logies and the win-win targets of both envi¬ 
ronmental and economic benefits over lime? The purchaser may not be aware of the 
beneficial effects of the investment during the entire life cycle of the technology. 

On the supply side, information may be lacking with respect to the potential of the 
markets, and the range of potential buyers. TThe purchasers, in turn, do not sufficiently 
shop around for lechn<.>I<'»gies which they perceive as needed. The key is to streamline 
national and international communication and information networks and organizations, 
including NGOs. 

It has been argued that ihe key constraint is not a lack of information, but rather a lack 
of mechanisms and incentives for dissemination of information, in particular to small 
enterprises. .A.lso the access problem in the non-commercial sector can mainly be solved 
throuah improvement of information systems (ECOSOC 1994:9). 

Although there are man> msrilutions and mechanisms that aim at spreading information, 
a number of constraints do operate. First, the relevant itrganizations often lack in coher¬ 
ence. Second, they tend to have a specialized clientele, for instance located within single 
ministries or departments. Third, they tend to regard dissemination as instrumental to 
particularistic purpi^ses. which precludes potential users from knowing that the informa¬ 
tion is available. 

Institurionai consrrainLs 

Institutional consiraini> include weaknesses in linkages between government and indus- 
tr\'. the ability to integrate new technologies with existing prextedures. intellectual prop¬ 
erty regimes, national research and development insiitutkms. There may be a lack of 
banking and insurance facilities. Small and medium enterprises that can diffuse energy 
technology on a Ciminiercial basis may be absent. 

St>uthern governments insufficiently facilitate the transfer i^f sustainable technologies, in 
particular by failing to strengthen infrastructural provisions and reliability in ectxiomic 
life. These governments normally differ from northern gov’emments which came to guar¬ 
antee the enfixcemeni of ecom^mic cvintracts. Siuihern econi>mic systems have much 
artificially created delavs and shixtages in the supply of energy, raw materials and prod¬ 
ucts, timely purchase, efficient public iranspt.)rt. construction wi.>rk labtmr, and payments. 
In such ecvmi^mic s\Ntcms purchasers are risk averse and prefer short-term investment. 
Consequently, they operate with widely applied and tested techni^logies. 




jnteliectual proper^ rights 


The controversy between industrialized and developing countries about access to tech¬ 
nology protected by patents is subject to much discussion. Innovators of technology want 
to protect the value of their intellectual properly and preserve incentives to innovate. 
Developing countries attempt to reduce excessive restrictions imposed by prevailing 
patent systems to acquire access to new technologies, including sustainable energy tech- 
nologies- 

A legitimate question arises about to what extent the access to sustainable energy tech¬ 
nologies is protected by property rights. A large txxly of useful sustainable energy' tech¬ 
nologies have already entered the public domain and are unaffected by international 
patent systems. Furthermore, most proprietary sustainable energy technology' is available 
through commercial channels. 

Touche Ross has found that patent protection and the costs of access to e.xisting technol¬ 
ogies may only constitute a prc^blem in the ca.se of transfer of very' new high-tech facil¬ 
ities. However, it is also found that sustainable energy technologies, particularly software 
components, are often available at low ci^sls, and formal barriers to access such as pat¬ 
ents are no significant (.obstacles to succe.ssful transfer tl991;26-47h Other studies support 
these observations icf Almeida 1993:33, OECD 1992). 

Based on the study of a number of cases, an OECD report concludes that the majority 
of technologies fundamental to limiting greenhouse gas emissions are not highly sophisti¬ 
cated hardware, but involve shifts to ’clean pnx:esses’. These imply a more carefully 
management of resources in the input stage and during the prcxiuciion rather than con¬ 
trolling the output of emission. Such technologies and know-how are not subject to pat¬ 
ent protection and defy the e.xclu.sivity of the patent structure (OECD 1990:12-13). 

Cht)ucri (1994) concludes that ’while the is.sue of intellectual property rights is undoub¬ 
tedly salient, it is only one among the critical factors that need attention. Excessive focus 
on the patent issue may distract from the action that can and must be taken now to en¬ 
courage innovation and creativity in all countries.’ 

Constraints to research and development 

The key ii> enhance technology transfer is to strengthen kxtal research and development 
Insecurities in the economic system operate to discourage long term investmem.s, 
including fur R»^D. Nonmechanisiic thinking implies a concentration on sixrietal prob¬ 
lems and st^lulions to gain benefits, rather than on technological pu'^blem.s and solutions 
to gain eciinomic or env ir^mmental benefits. Hence, nonmechanisiic thinking also pre¬ 
cludes efftms to innovate and diffuse sustainable energy technidogies. 

Transfers of technoKigy often prove inadequate to change economic risk and non¬ 
mechanisiic thinking to facilitate kH;al R&D. Morevwer, suppliers of technology have 
vested interests which preclude u> kn^ai R&D. In particular if multinationals are the only 
source of technical information and assistance, there is a pKHemial danger of dependency. 
Multinationals prefer to avoid duplication of research efforts, overcome the shortage of 
skilled manpower and technical infrastructure in developing countries, expksit economies 
of scale, and therefore cunceniraie R&D in their home country. As a result, technologies 




transferred to developing c«)uniries remain not only ptx)rly attuned to kxral circumstances 
but also preclude local R&D for sustainable energy prtxiuction and consumption. 

A proper environmental regulation in both the supplying and the importing country" 
largely contributes to the transfer of sustainable technologies. In the supplying countrv% a 
solid environmental regulation creates incentives to develop sustainable energy technol¬ 
ogies. In developing countries, environmental regulation is the major determinant to 
create effective demand fi>r such technologies. 

However, environmental pt)iicies and legislation in developing countries are generally 
much less stringent than in the industrialized countries, and actual enforcement is a criti¬ 
cal problem. Due to the lack of environmental regulations, importers continue using 
technologies that do not take into account environmental interests, since they are more 
easilv available and their use already familiar to producers ^Almeida 1993:31). 

Multinationals seeking to establish a new project lack the regulatory' incentive to pro¬ 
vide sustainable energy technologies, and may even base investment decisions, including 
the cht>ice of ct>untr\'. on the weakness of environmental regulation. 

An accumulation of concerns of southern governments about their iniemational position 
have led to public control of access to technology by the private sector. These concerns 
are about e.xcessive cost of technology transactions in contrast with a lack of foreign 
currency, growing dependency, incompatibility with national interests, limited domestic 
institutional capabilities u.> absorb technologies, and ability of private and government 
actors to negotiate informed contracts with foreign suppliers. Interventions include 
foreign e.xchange control, outlaw practices deemed to v'iolate national interest, tariffs on 
imported equipment, and limitation of foreign equity and participation. 

Finally, policies in developing countries typically lack coordination between develop¬ 
ment and environmental strategies. Furthermore, there is a danger that technology regula¬ 
tions reflects tastes of luxurv oriented elites without heeding the broader social concern 
of the rest of the country «Haas 1992:22). 




A.3 Cogeneration in the Indian sugar industry 


A.3.i IntroductHin 
Sugarcane cultivation 

Sugarcane cultivation in India is concentrated in the states of Uttar Pradesh, Bihar, 
Punjab, Harv'ana. Andhra Pradesh, Tamil N'adu, Karnataka. Gujarat and Maharashtra. 
These nine states account for nearly 95^ of all sugarcane production in the country'. 
About biKc of the cane produced is refined into sugar, while the remaining 40Cr is asod 
in the small scale industry to make gur and khandsari’. 

Sugar production 

The annual sugar production touched a figure of 13.4 million tonnes in 1991-1992, but 
fell to 10.6 million tonnes in 1992-1993. With these figures. India is the largest prcxlucer 
of sugar in the world and its sugar industry is the second largest agro-based industry in 
the country after le.xliles, with an annual turnover of Rs. 55 billion. It is projected that 
the pnxluction would increase nearly 14.1 million tonnes by the end of the Eighth 
Plan (1996-19971 which wi>uld be sufficient to meet the domestic demand. 

With the growth of populaii».m and levels of income, the demand for sugar is rising. 
However, the per capita sugar consumpiitm in India was only 12.5 kgs in 1990-1991 
against a figure of 30-50 kgs by international standards. On the other hand, the change in 
life-style is exemplified by the decrease in per capita consumption of traditional sugar 
prtxiucts. During 1988-1989, per capita consumption of gur wa.s 11.5 kgs and sugar 12.1 
kgs, but two years later in 1990-1991, this consumption changed to 10 kgs of gur and 
12.5 kgs of sugar. Presently, roughly 460 of the cane crop goes to gur and khandsari 
units, against 500- in 1977-1978. This ratio is likely to move further in favour of sugar 
units. 

To provide a historical persp)ectivc. at the time of independence in 1947 there were 
about 150 sugar mills mv»stiy UK:aied in Northern India. .A.i present there are nearly 450 
sugar mills in iiperatitm. i>ut of which a substantia! number in the south Indian states of 
Andhra Pradesh, Tamil Nadu and Karnataka. 

India exp<»ns small quantities t>f .sugar (0.1-0.5 MTPA» after meeting its domestic 
demand. Occa.sionally it resorts it> impt»rting sugar when the cane prixJuclion gtx?s down 
due unfavourable weather conditions. In the season of 1993-1994 the country had to 
impK'rt sugar to meet the di^mesiic demand. 


■ Gur and khandsari are traditional fv^rms of sugar poKJuced through an open pan 
preveess at afmi'spheric prc'^sure. through traditional meih*.Ki.s. The e.xtraction pr^ess is 
highly inefficient and a ptorison of the sugar in the cane remains unrecovered. 




Sugar industry 


Ownership of sugar mills in India is eiiher private, public. i>r by cooperatives. Of the 
448 licensed sugar mills in the country. 128 are in the private sector, 62 in the public 
sector, and 258 in coofxjralive sector. The cr^r^perative sector accounts for more than 509^: 
of the sugar prcxiuction in the country. Sugar cooperatives, owned largely by small 
planters, are organized in state federations, which, in turn, are coordinated by the Nation¬ 
al Federation of Ctxiperative Sugar Factories (NFCSFi. The NFCSF represents the inter- 
esi.s of its members at the national level and ascertains the provision of technical assist¬ 
ance to sugar cixtperatives. Other sugar mills are grouped in the Indian Sugar Mills As¬ 
sociation (ISMAI, uhich aims at furthering the interest of its members at the government 
level. 

Cogeneration technology 

Bagasse-based cogeneration offers numerous advantages to the firms at the micro-level, 
to the country and the world envirtmmcni. It offers the potential of helping to meet the 
growing power demand in the couniiy without generating any additional greenhouse 
gases. 

Strictly speaking, the concept of cogeneration of power and steam to meet the internal 
needs of the plant is inherent in the sugar pH-ocessing itself. Cogeneration means concur¬ 
rent pr<.>duction of electricity and process heat in a single integrated utility system. The 
Uxration t)f the sugar mills in rural areas far flung from the fxwer grid, the availability of 
the by-prtxiuci fuel bagasse, and the prt»cess steam requirement at lower pressures - all 
led to the adoption of cogeneration in the industty, be it in a limited w'ay. 

By generating captive pK)wer. the mills were able to insulate themselves from the 
vagaries of the Stale Elcciriciy Bi)ard-s iSEBs). Moreover, the bagasse-based power 
proved to be much cheaper than what sugar mill owners paid to SEBs. 

However, almost no Indian sugar mill has pursued the proper tapping of the vast cogen- 
eraiitm potential existing in the factories so far. Cogeneration for the sugar mill should 
actually mean making optimum use of steam generated from boilers. This involves the 
prtxluctitm of maximum fxiwer out of the steam before it is supplied to the system for 
process heal requirements. The surplus power generated can be supplied to ancillary' 
units, neighbouring fact^tries or the grid. 

The sugar industry lacks the institutional support it hoped for in .setting up advanced 
ct>gencraik)n systems. There is no clear cut gtwernment policy in place for the buy-back 
arrangement i»f excess power which can be produced by the sugar mills. Tbe technology 
required to generate ptwser fi^r expiirt to the grid demands the installation of high pres¬ 
sure multi-fuel bt'ilers and turbines which arc mu readily available indigenously to the 
sugar industry. 




A.3,2 Indian sugar mills 


Production capacity 

The Indian sugar industry’ is a typical mix of relatively small size, old plants existing 
and newer plants with larger capacities. With the increasing demand of sugar over the 
years, the small, ()ld mills have been increasing their capacities in stages. In the process, 
they added small sized boilers and turbo generator sets in their plants. These could just 
meet the enhanced requirements of thermal and electrical energy in preference lo the 
setting up of high pressure cogeneration systems which require huge capital investments. 
The situation for mills newly coming up in the countrv' is somewhat different. The mini¬ 
mum economically viable size of the plant which can be set up now'adays is of 2500 
tonnes of cane per day <TCD). The central government encourages entrepreneurs to 
expand their plant capacities to 5000 TCD and beyond. As a result, plants with capacities 
far more than 2500 TCD are .seen in the Indian sugar industry'. However, even now% the 
average size of an Indian plant is 2100 TCD. By international standards this is a small 
size. The average size in Australia is 8268 TCD, in Brazil 8296 TCD, and in Cuba 4037 
TCD. 

Power and bagasse 

Generally, a sugar mill in India i.s self-reliant in power and bagasse. However, some 
sugar mills priKlucc small quantities i>f surplus bagasse while others are deficient by a 
small quantity. ITiese different outcomes depend fibre content in the cane, quantity of 
juice, type of clarification prcKcss and evap<.)ration effects, and steam driven or electric 
driven prime movers. Thcref(.)re. some sugar mills can produce a little surplus power 
while others are deficient in power by a small margin during the season. 

A typical sugar mill in India pr».K{uces 30^ v,et bagasse based on cane crushed w'hich 
has a moisture content of around 50^. This bagasse is mainly consumed in small 
bagasse fired steam turbine s\ stems supplying steam at 15-25 kg/'em- which is just 
enough to meet the on-site steam and electricity needs of the plant. A 2500 TCD mill 
ni^rmally prtxiuces 64 TPH steam at 22 kg/cm- and 33t)'^C. This is u.sed partly in drives 
for the mills and balance for generating approximately 2.5 MW power through a back 
pressure turb<.J generali'r set for captive use. The process steam requirement is normally 
in the range of 55^0-550 kg of steam per Uinne of cane crushed. 

Turbines and boilers 

From the view point of energy efficiency this type of a sugar plant is stimewhat ineffic¬ 
ient, consuming all the available bagasse so that it dix?s not accumulate while just meet¬ 
ing the electric and steam needs of the plant. The btiilers m>rmally have efficiency levels 
of the order id Mfc. The back, pressure turbines U-3 NtW range* normally consume 10- 
12 kg of siearaKwh. As a comparison, in advanced countries tK>ilers operating at effi¬ 
ciency levels of more than and steam rates of 7-9 kg/'lCwh are common. 




The sugar indusirv' is basically a seasonal industry with the sugar season lasting for 
nearly six months in a year. The all-India average was 172 days for the season 1991- 
1992. The boilers are designed to use tmly one fuel. Bagasse is available as a by-product 
in the crushing season. If these mills have to be operated in the cogenerating mode, it 
would be worthwhile to run the plant in the off-season also with fuels such as coal, lig¬ 
nite or other biomass fuels, depending upon the location of mills and hence the need to 
install multi-fuel high pressure boilers. 

A few' indigenous manufacturers claim to have developed the capability to manufacture 
fluidized bed boilers operating at 63 kg/cm^ pressure with bagasse as the primary' fuel. 
So far, no such boilers have yet been supplied t(.> any of the sugar mills. Thus, it can be 
said that the capacity for indigenously manufacturing boilers which can generate steam at 
pressures of 63 kg/cm" or 84 kg/'cm“ are limited. 

Most of the existing turbine.s used in the industry are of the back-pressure type e.xhaust- 
ing steam at around 1 kg/cm-. These turbines have been supplied mainly by indigenous 
manufacturers and conform to specifications as laid down by the National Fexleration of 
Cooperative Sugar Factories Limited. 

For generating 10 MW or more of power and to ensure effective utilisation of the co¬ 
generation system in the off-season, it is essential to resort to schemes with energy effi¬ 
cient double extraction condensing turbines with controlled parameters and accessories. 
This elimination of pressure reducing valve stations faciliates high efficiency of power 
generation. 

Indigenous manufacturers of these turbines claim to have the capability to produce mul¬ 
tiple extraction condensing turbines rated at 65 kg^cm- or more. In practice, however, 
most of the small turbine manufacturers do not make multiple extraction turbines. This is 
mainly due to the fact that in the lower range of capacity, no market is perceived for 
multiple e.xtraction turbines. Therefore, a cogeneration scheme to be installed at a plant 
needs to be designed specific to the plant depending upon the age of the plant and oper¬ 
ating conditions. 

Power supply in India 

A few studies have estimated the p<Heniial of surplus power generation from the Indian 
sugar plants. The piMential will depend on the degree of efficiency improvements adopted 
by the mill as well as the tnaler and turbo-generator configurations implemented. 

The Task Ft)rce set up by Ministry' of Non Ci>nventional S<>urccs in 1993 estimated the 
potential itf surplus power gcneratiim as 3436 MW by the end of the Eighth Plan tl9%- 
1997L llie esialimation of this fKnential was based on the assumption that TCD plants 
2500 MW in the country number 35.^ in 19%-!997, adopt steam parameters of 65 
kg'em- and 48U"C, and generate power ^hr^.)ugh e.xtraction cum condeasing route with no 
surplus bagasse. 

It is reasimabic to assume that in the absence of any iniiiaiive to generate pr>wer from 
biomass based cogeneration, this |"Hwver is generated from coal-based thermal fK)wer 
plant.s. After ail. nearh 70""^ of the pre.scnt day ps>w-er generation is from thermal power 
plants. A number of new plants are planned to use coal or gas as the primary' fuel. Tak¬ 
ing only the CO. emissions from conversion of coal u> electricity results in .savings of 




approximately 1.24 kg CO^/TCwh. This omits accounting for the GHG emissions from 
coal mining, pnx;essing and transpon and emissions from other second order sources. 
Based on a cogeneration potential of 3436 MW, ihe.se cogeneration plants in their 25 
years lifetime will save about 500 million tonnes of CO^ emissions. 

A.3.3 Constraints for technology transfer 

Although the Indian sugar industiy* has been practising cogeneration in a limited way to 
meet its captive energy needs, commercial cogeneration has not really taken off. The 
various impediments to the adoption of the technologically advanced cogeneration 
schemes in the sugar industry are highlighted below. 

Technology 

Technological constraints the installation of a commercial cogeneration project relate to 
determining the cogeneration potential, the detailed system engineering, selection and 
procurement of the plant, and equipment and operation of the cogeneration plant. The 
determination of the cogeneration p».ueniiai in the sugar plant is a fairly straight forv,’ard 
process and the Indian sugar industr\- persc^nnel and engineering consultancy firms are 
fairly competent to handle this aspect. Similarly, the detailed system engineering for 
installing the plants can be done indigenously. 

As mentioned earlier, it is with regard to the availability of high pressure energy effi¬ 
cient Ixnlers and turbines for the cogeneration plants that the indigenous capabilities are 
limited. Regarding the installation and commissioning of the cogeneration plant, the 
Indian sugar mills also encounter a typical problem which is connected with their being 
old and obsolete. Partial modification of their plants will not be justified. Since a large 
numt>er of sugar mills have expanded in stages, the lay-outs sometimes have become 
very complex. .Any cogeneration project envisaged in such plants would require a com¬ 
prehensive study of the existing plant and machinery and plant lay-out so that it justifies 
the large investments required,for cogeneration facilities. 

A related problem pertain.s to the synchrtmisativm of the cogeneraior with the grid. 
These include safety, power quality, reliability, protection of transmission and distribution 
facilities, grid interfacing and dispatching problems. Tlie utilities must maintain the inieg- 
rily of their systems in i>rder to ensure a reliable supply of electricity to their customers. 
Therefore, any interconnected cogeneration system must include equipment dedicated to 
protecting both the utilin and cogenerator from problems that may originate from the 
grid or the cogeneratutn system. 

There may alst> be prt?blems of grid synchroni/,atit>n when the electricity cogenerated is 
at 11 KV while the grid needs to be fed in at 33-56 KV. In order to protect the cogene¬ 
raior as well as the inierci>nnecting distribution .s\stem, it will be essential to provide for 
suitable i>vcr and under frequency prutecu>rs and over and under voltage and current 
proieciiim devices. 




Human endowed capability 


Sugar indusirv'. presently employs low pressure and low temperature systems for steam 
and power generation. High pressure and high temperature cycles for cogeneration plant 
would require expert professionals lo operate and manage the systems. Appropriate train¬ 
ing for the professionals to operate the cogeneration systems efficiently forms an import¬ 
ant element of technology transfer of high efficiency cogen systems. 

Apart from these above mentioned technical issues pertaining directly to the cogenera¬ 
tion plants, other energy conservation schemes which can be adopted by the sugar mills 
are equally relevant in order to increase the cogencralit>n pi)ieniial from the sugar mills. 
The improvement by way of economising steam consumption in the plant would result in 
availability of surplus energy in the form of elcciriciiy and bagasse. This helps the plant 
in optimising its energy ctmsumption. Thus, in order lo derive the maximum advantages 
from the transfer of advanced c<.>generalion technology, transfer of know-how which 
results in reducing the prtxress steam requirements in the sugar manufacturing pnxzess, is 
equally imp<.inant. 

Finn ievci constraints 

Investments required for setting up cogeneration plants are substantial, sometimes even 
more than the capital required to set up a new- sugar mill. Given the scarcity of capital in 
India coupled with the increasing demand of sugar, the mills tend lo select their invest¬ 
ments based on financial rates of return of competing investment options. 

How'ever, with the opening up of the Indian economy and a number of liberaiisalion 
measures initiated by the government of India in the last two years, it can be expected 
that financial resources from foreign partners would be forthcoming. However, this is 
provided the regulatory' and p<.>iicy framework is favourable for installing cogeneration 
systems in the sugar mills. In fact, one cooperative sugar mill in Maharashtra has just 
signed an agreement with a US based company for putting up a cogeneration plant with 
financial assistance from ihe US Department of Energy. Similarly, a few other mills in 
Uttar Pradesh and Tamil Nadu are in an advanced stages of finalising agreements. The 
US bai^d companies will provide financial and technical suppH>n for execuikm high 
pressure ci>gen svstems in their plants. 

I ’ncertainties 

The inherent problem ik risks and uncertainties ass^xrialcd with cogeneration for pv^wcT 
expiwt also deicred direct investments by the indusliy. Since the demand for sugar in the 
country’ has been increasing I'sver the years, the sugar mill owners have preferred to 
increase their production capacities rather than venturing into a relatively new field of 
power generation which has iradiliimally nv>i been their line v>f business. Now’adays. with 
the Slate governments and commercial banks providing back up guarantees for payments, 
the risks assiciaied with non-payment of dues by the SEBs has been tackled to a cenain 


e.xiem. 




Another area of risk for the sugar mills is the pt^ssibility of non-availability of off-sea¬ 
son fuel. There may be inadequate quantities of rice husk, field trash ch' other biomass 
fuels. The rates of return on the investment are highly sensitive to the plant load factors 
at which the cogen plants are operated. 

The risk is higher for plants for which utilisating commercial fuels is not economically 
attractive. Plants in Tamil Nadu can use lignite which is available locally. For plants in 
Punjab, lignite or coal usage would be an economically non-viable prop>osition. Even the 
price of bagasse, which is a captive fuel, can vary considerably over lime. This is due to 
the diversion of bagasse for other applicatioas. Bagas.se is an e.xcellent raw material for 
paper manufacture. These grey areas need to be tackled at the inception stage for any 
potential sugar mill owner venturing into this field. 

State Electricity Boards 

As mentioned earlier, SEBs have to play a verv' impi’iriant role in promoting the cogene¬ 
ration schemes in the sugar industrv'. What counts are tariff rates for buy back of power, 
the provision of wheeling and banking of power, and the cons€^quently working out 
power purchase agreements attractive for potential cogenerators. The SEBs assume even 
greater significance if the fact is considered that a large proportion of the investment may 
come from foreign direct investment. These foreign investors would require firm commit¬ 
ments in terms of their returns on the capital invested. 

.A clear legal framework is a prerequisite for ensuring adoption of commercial cogenera¬ 
tion. Recently, the Enrol company requcsicd counter guarantee agreements from the 
central government to .set up a large private sector power project to be set up at Dabhol 
in Maharashtra. A uniform p<.)licy of having long term power purcha.se agreements at 
remunerative prices between the SEBs and the cogenerators w'ould encourage sugar mill 
owners to put cogeneration facilities. 

Apart from the role of SEBs. there does not e.xisi any centralised national agency in the 
sector which can provide easy access to scientific and detailed information. Nevertheless, 
information is required vin the different lypqs of cogen systems available around the 

world from various manufacturers of boilers and turbines. There is also a scarcity’ of 

infi>rmaiion on the perfi>rmance characteristics of v>pera!ing cogen systems in other coun¬ 
tries. .As a result, there is a reluctance on the pan i>f pK^ieniial cogeneralors to adopt the 
technology. 

In such an environment, providing legal suppon. information, spares, and technical 
manp<»wer after the tecrhnolt)gy is implemented con.siitutes a major part t)f the institu¬ 
tional development process. 'Fhe mechanism of aid can play a very' important part in this 

exercise. 

Until recently, one of the main reasons which was often given for the cogeneration not 
taking off in the Indian industry was the unwillingness on the part of the SEBs to pur¬ 
chase the electricity from the sugar mills. Fri^m a particular utilities point of view, the 
power privduced by the cogenerator fur feeding to the grid is, of course, of insignificant 
magnitude as compared lo the t>peraiion the grid. However, the combined effect of 
these small pi»wer prixiucers can add up U) a significantly large generation capacity for 
ihe nation. Absence of an> fh>licies which encourage the sugar mills to cogencrate had 




really been one of the most crucial factors in inhibiting commercial cogeneration in the 
Indian sugar industry’. The US example of PURPA is worth mentioning here because it 
was this Act which made it mandatory for the US utilities to buy power from the cogen¬ 
erators at ‘avoided costs’. Avoided cost is the added cost to the electric utility that the 
utility will either generate itself or purchase elsew'here if it did not purchase from the 
cogenerator. But now, some of the SEBs have come out with impressive schemes to 
encourage commercial cogeneration which offer attractive buy back rates and also allow 
wheeling, banking and third part\' sales. In fact, one of the SEBs has offered to even 
participate in the equity capital of the sugar mills opting for installation of cogen pack¬ 
ages in their plants. It was solely the fK^siiise attitude of the Tamil N'adu State Electricity 
Board (TNSEBl which has prompted a few sugar mills in Tamil Nadu to put up cogen 
plants in their factories. It is. therefore. impK'»rian! that the utilities must consider cogene¬ 
ration option as a source of firm power supply and should consider the environmental 
and social costs of conventional pK'wer viz-a-viz the cogenerated powder w’hile canydng 
out their long term planning e.xcrcise. Pricing policies must be seen to be reflective of 
economic long run marginal costs of power pnxiuction and to be guaranteed from fluctu¬ 
ations due to political and other non economic considerations. Due the recent changes in 
the Government policies towards cogenerators, it seems that biomass based cogeneration 
in sugar mills is ready to take off in a big way. 

Government initiatives 

In direct contrast to these cv>nstraining factors, the Ministiy- of Non-conventional Energy 
Sources. Government of India plays a stimulating role in promoting biomass based co¬ 
generation in the sugar industry . It constituted a Task Force on Biomass Cogeneration in 
1993 tt> as.se.ss the biomass based cogeneration potential in the country and suggest 
means to tap this pcueniial. As mentioned earlier, this Task Force estimated the potential 
of surplus power generativ>n as 343o MW by the end of the Eighth Plan (1996-97). 

The Ministry' of Non-conventional Energy Sources has recently launched a National 
Programme on Biomass ba.sed Cogeneration to encourage the sugar industry to go in for 
cogeneration projects. Under this programme, the government of India gives financial 
incentives fiv ll demonstration cogeneration projects in sugar mills and 2) preparation of 
detailed project repvtrts for bagasse based cogeneration. A maximum of two demonstra- 
!it>n projects is sanctiimed in each of the majt>r sugar prtxlucing stales. The condition is 
that surplus power generated from cogenerators is supplied to the SEB.s or to other bulk 
electricity Cijnsumcr. 

Similarly, the Ministry n{ Power has inirvKluced the two-p<.^wcr tariff system to encour¬ 
age prisate sector participaiic*n in p>wer generation which would guarantee returns to the 
pri\ate investors. The first part itf the tariff en.sures recovery of fixed costs including 
returns. This is based on performance at normative parameters. The second part of the 
tariff ensures meeting of variable expenses, based on units of electricity actually sup¬ 
plied. 

Incentives will be provided for the achievement of efficienev levels, higher than the 
normative parameters. Once the rate Fir sale i»f pKnvor is fixed, no limits of any son will 
be put on actual profits earned bv a generating company. The system also provides for 




the signing of a contractual agreemeni. This lays down rales for the bulk sale of power 
by a generating company to an SEB for a specified period. 

In addition, an important s^jurce t)f funding for the Indian sugar industry has all aknng 
been the Sugar Development Fund (SDFl. SDF is administered by the Sugar Directorate 
of the Ministr\' of Focxl and Civil Supplies. Government of India. Ii advocates that if a 
cogeneration scheme is an in-built pnx:ess requirement or part of a modemi.sa!ion fwo- 
gramme, funds can be partly made available by the SDF. It is fell that these governments 
efforts are promising but the implementation of programmes leaves much to be desired. 

A.3.4 Conciusionus and recommendations 

Despite potential benefits to the Indian economy and the proven .success of the cogene¬ 
ration technology in Hawaii, Cuba, Australia, or Reunion Island, commercial cogenera¬ 
tion selling surplus power to the grid is still to be realised in India. Of the various con¬ 
straints discussed in the previous sectivm, perhaps the largest impediment had been the 
lack of clear policies by the central and state governments regarding the sale of cogener¬ 
ated power to the grid. 

In turn, this reflects ihe SEBs' unccrtainiv abt^ul the reliability of cogenerated pt>wer 
and the impact of .such schemes on the overall operation on the grid. Thus, it can be said 
that a concrete basis or policy framev^ork is essential. It should ensure commitment by 
SEBs to purchase power fn^m sugar mills at mutually acceptable rates. 

The growth i>f cogeneration in the USA owes much to the public utilities buying back 
electricity from cogenerators at prices representing marginal production co.sts. The util¬ 
ities also provide access to the transmission and di.siribytion network at fair prices. Simi¬ 
larly, recent changes in the policies of some SEBs has prompted a few sugar mills to 
think in terms of taking concrete steps for establishing cogeneration plants. 

To provide the economic impetus for adoption of cogeneration, considerable efforts on 
the part of SEBs and the government are required. They have to impress upon the poten¬ 
tial cogenerators that the government's pt.>Iicies for purchase of power and banking w'ould 
bo encouraging. 

Constraints such as icchn>jif>i:iccii mcrtui, especially for older mills, in adopting the 
advanced cogon i^ptk>ns. of cemrse. do e.xist. Howe\er. once the sugar mills managers 
become fully aware of the enormims advantages, their reluctance to undertake the plant 
mixjificatums would be overcome 

The high capital iniensitv (4 a cogeneration facility means that in a developing country- 
such as India the pros|X’Ctive cogenerators find it difficult li> prt>vide the initial capital. 
Therefvw. other investment pntmoiion mechanisms like ft>rcign direct investments, loans 
from foreign financial institutions at attractive rates, BOOT and the Global Environ¬ 
mental Facility and Joint implememaiion can be reinforced. 

Considering the kind td' environment and con.sirainis under which the Indian sugar in- 
dustrv' operates, transfers of certain plant and machinciy through foreign direct invest¬ 
ments is preferred. The method of unpucLii^ed technok^gy acquisition is preferred 
because India has competent technical and managerial manpower. They have the capabil¬ 
ities to abst>rb the new' technologv through training at the works of foreign technology 
suppliers. 




A.4 The BPL refrigerator company 


A.4.1 The Indian refrigerator industry' 

Energy efficient technology as such is not on the agenda of refrigerator manufacturers in 
India. Energy efficiency and environment protection are no saleable concepts for Indian 
market or Indian public policy makers. Nevertheless, energy efficient technology is find¬ 
ing an indirect entry’ as part of mixiern, sophisticated technology and professional excel¬ 
lence in manufacturing and marketing. 

The refrigerator industry' in India dates back from the mid-sLxties. At present, there are 
eight manufacturers of refrigerators. Four of them have captive facilities for the manufac¬ 
ture of compressors. Two other manufacturers e.xclusivcly manufacture compressors. 
They supply to the refrigerator industry as well as to producers of refrigerated cabinets, 
water coolers and rtx}m air conditioners. 

Indigenous technology development in the field cif compressi^r design and development 
is absent in India. .^11 the compress*and refrigerator manufacturers have technology 
partnerships in one form or another with foreign companies. 

Refrigerators range in capacities frem 65 litre to 38(J litres. The 165 litre unit had 9<)Ff 
of the market sales in 1990. The p».)pulation of domestic refrigerators in India in 1991 
was estimated to be atK’)ui 8.3 million units. With rapid growih in the Indian economy 
and changing life styles of Indian middle class, the refrigerator is becoming to be per¬ 
ceived as a necessary h*>usoho!d commixlity rather than a luxury. The refrigerator market 
srew' at a rate of 21Fr fnvm 1986 to 1990. The preejected annual demand growih till 1998 
is 209^- and from 1998 to 2005 is 15'~r. 

About 1.4 million units of refrigerators were manufactured in 1991. The production 
capacity' of this fast-expanding sector ct.)mmissioned is 2.5 million units f>er annum now. 
The demand in refrigerator market is expected to stay at 209c per annum for several 
years. The demand for larger size refrigerators is e.xpected to grow' as well. 

Considering these expansions, it is high lime to intrtxluce energy efficient refrigerators 
in the Indian market. Field and latx’raiory' tests show that the average energy consump- 
titm of Indian refrigerators fails short of the international standards. There is lot of scope 
for technology upgrading in this sector. The staie-i>f-the-an technology in the sector has 
the sctipe to reduce energy cunsumpti*»n ranging from I0'~c to 259c. 

A.4.2 BPL Refrigeratitm Ltd 

The BPL Refrigeration Ltd company has been selected here because it neflecis a prt)- 
gressivc organisational culture and manufactures refrigerau^rs with technology completely 
purchased frtim SASYO in Japan. It is oriented towards accessing energy sound technol¬ 
ogies and doing in-house development on them. Moreover, the BPL Refrigeration Group 
is the i>nlv refrigerator company in India to have u.sed energy' efficient compressors and 
refrigerating systems technok»gy. 'The BPL compre.ssors have the best energy efficiency 
ratio amongst all refrigerator manufacturers in the country. 




TERI has a constructive relationship with the BPL Refrigeration company. Plant and 
machinerv' specifications, assistance in sourcing the same globally, detailed plant lay-out, 
detailed prcxluci specification with description of essential components designs, form and 
nature of materials to be used and the general process c^f assembly were provided. Addi¬ 
tional information is from the India Country Programme, Government of India. 

Technical capacities 

The BPL Group is a completely private sector owned group with number of companies 
mostly manufacturing consumer gtxxis in India. In addition, the BPL Engineering Ltd is 
in the process of establishing a compressor manufacturing plant in Hyderabad. South 
India in technical collaboration with SANYO. Japan. The production of energy efficient 
compressors in India is e.xpecied to start in 1995. The compressors will be manufactured 
for CFC-12 as w-ell as HFC-134a as a refrigerant. 

The current capacity of the plant is 4t)f) refrigerators per day. An additional production 
line is e.xpected to be (.)perational in 1995 to increase the pnxiuction to 1000 refrigerators 
per day. The e.xpected production for 1904 is about if'S.OOO refrigerators. The refrigerator 
trial production was started in 1993. 

Thanks to the applied refrigeration s\’siem technology, the refrigerators have better heat 
dissipation from condenser since the condenser lube is attached to the sides and rear of 
the cabinet body. Optimum utilization of ccxiUng is by fan cooling of different compart¬ 
ments. Each compartment is maintained at the appropriate temperature by thermostats 
which regulate the amount of cold air allowed in. 

More efficient heat transfer lakes place though superior design of evaporator. The fan 
switches off when the dcx>r is open. There is a superior process technology and closer 
tolerance for better performance. BPL is the only refrigerator company in India at present 
that establishes an up-to-date R&D test laboratory for a compressor and refrigeration 
system in its two plants. 

Marketing 

BPL entered the refrigerau^r market with the mt'si difficult prt.Kiuct first: the four-door 
mtxiei for upper class consumers. It did not enter the IbS-iitres refrigerator market 
initially. This large market risk was met with b> creating a superb product quality and 
thorough planning i>f marketing stratce\ and campaign. 

The market planning ctinsisted of four elements. The prixiuci was made available all 
over India, llic priduct was intrixiuced as a novelty in Indian market to attract con¬ 
sumers. The BPL refrigeraU'r was made a status symbol and consumers and dealers were 
well informed about the intematiimai class features of BPL's prixiuct. Finally, technical 
qualities were made kmnvn as i>utstanding. The product was highly reliable and it w'as 
ensured that the failure rate «.)f BPL's refrigeratt>r is less than 0.69?-. This was ver>' im¬ 
portant since sales of the frost-free mixiel i^>f Vidctxron had suffered considerably after 
failures in the initial stage. 




Corporate culture 


BPL’s top management stresses quality, risk acceptance, openness and professionalism 
as basic values in the corporate philosophy to inspire the management and technical staff. 
The management has spiritedly accepted the challenge of introducing an international 
class refrigerator in Indian market. This venture brings quite a few problems and uncer¬ 
tainties, especially due to lack of local comptment base and unique design and marketing 
requirements of India. Nevertheless. BPL is quietly trying to revolutionize the Indian 
refrigerator scene. Simultaneously BPL is upgrading skills of local vendors through pro¬ 
vision of technology and manufacturing inputs. 

A spirit of transparency operates while sharing, discussing and solving any kind of or 
managerial of problem in the company. Professionalism is increased giving shape to 
creative solutions developed. The management tirelessly pursues professional excellence 
in the manufacture and marketing iT the pnxlucts. 

A.4.3 Constraints for technology’ transfer 

Information 

Information about available technologies, either from SANYO or any other source, has 
never been a constraint for BPL. BPL keeps itself completely updated on all technologi¬ 
cal advances taking place in the refrigeration sector. The channels of information are 
through regular training of BPL’s engineers at SANYO, attending international confer¬ 
ences, and reading technical journals and reports. 

In general, it is needed to set up a national refrigeration research and development lab¬ 
oratory on the lines of Oak Ridge National Laboratory' (ORNL), USA. Such a centre can 
generate technical information for Indian usage conditions and disseminate that to the 
industry'. It would alsi^ be able to facilitate technology adaptation and absorption process 
to Indian conditions. 

Restrictive clauses in transfer agreements 

The technology transfer agreement of BPL with SANYO is quite flexible and consider¬ 
able freedom is given to BPL for taking technical deci.sions according to business requi¬ 
rements of BPL in India. BPL is not lied to imports of all critical components fn^m 
SANYO only. BPL is free to Si)urce its comp<inents Kx:al!y to ensure market 
competitiveness. Adaptaii^^n to Indian ctmditions was done by BPL and SANYO. Day-to- 
day adaptations poxluciion to (.optimise value for customer is done by BPL while 
keeping SANYO informed about it. Technological independence exists whereas BPL is 
assisted in setting up a comprehensive R&D facility for component evaluation. SANYO 
helps BPL to upgrade facilities in line with SANY'O’s own changeover to HFC134a. 

The concerns of S.ANA'O are that royalty is paid to them as per the agreement, and the 
pnxluct quality is not compromised at all. 'Fhe major restriction under the agreement is 
the prohibition of technology transfer third parlies without prior approval of the 
SANYO. 




Technical skills 


Materials technology' is underdeveloped in India. This acts as a major constraint in 
manufacturing perfectly finished material components for both compressors and refriger¬ 
ators in India. There is a lack of local component base and unique design and marketing 
requirements of India. The reasons cited for this constraint were a lack of appropriate 
technical skills and a lack of professionalism in the concerned local industries. 

The technology supplier SANYO was initially doubtful about the level of skills of 
Indian staff and local vendors. This doubt was reduced during the intitial months of 
interaction between engineers of SANYO and BPL preparing the erection and commis¬ 
sioning of the plant. The engineers from BPL were trained at SANYO’S plants in Japan. 
SANYO has provided the services of its engineers for providing on site initial production 
supervision and technical problem solving at BPL’s manufacturing facilities. Adaptation 
of compressor and system design to suit local operating conditions was done by BPL’s 
staff in consultation with SANYO. No constraint was felt by BPL In this process. 

Another leading refrigerator manufacturer, Videocon, obtained only product designs 
from Matsushita, Japan. Its frost free refrigerators failed in the field initially due to lack 
of understanding by Videocon on technical details of manufacturing in India. 

Ancillary industries require mcxJernisaiion of technical skills for the manufacturing of 
intermediate components of the needed quality standards. The quality of local supply of 
raw material, inicrmcdiaie components and services to BPL is piX)r. 

Finan cial canstra in ts 

Higher product cost due to infrastructural and services bottlenecks: 

Since using an energy efficient technology in Indian refrigeration sector entails higher 
product cost, market comp>etiliveness gets more adversely affected, if other production 
related costs are higher than optimal. 

There is no capital availability problem for BPL. Since BPL’s market is small, the cost- 
benefit analysis indicates that huge investment in research and development is not advis¬ 
able at this stage. Credit supply has not been a problem for *a well-established company 
such as BPL. 

However, credit supply it is a constraint for kKral, small and medium scale enterprises 
which supply intermediate compvmenls. The special credit line U) modernize these ancil¬ 
lary" units can accelerate the process of technoKigy adaptation. 

Vneertainiies 

The basic infrastructural facilities like pvmer. iransfHtn, communicaiioms are pvx>r and 
unreliable in India. Consequently, extra cv>sis gets reflected in the prvxiuct cost. BPL uses 
its i>wn diesel-based power generation plant in the absence of supply from the local 
utility. Higher inventory costs arise due to iranspvjriation uncertainties and delays in 
imports clearances. 

The fKHvr pimer quality is a ci^nsiruint on energy efficient iechnok>gy devektpment. 
.Although BPL has a more energy' efficient compressor technolvvgy than other manufac- 




lurers still there are limitations. The compressor’s energy efficiency ratio is not optimized 
at customer's end due to the p<x>r power supply conditions in India. 

For an Indian consumer a refrigerator is a life time purchase and the compressw relia¬ 
bility is more important than energy consumption for the consumer. Thus the com¬ 
pressors are designed to work under wide voltage fluctuating conditions ranging from 
160V-260V which results in their relatively lower EER than the compressors of similar 
design abroad. 

Regulation 

Indian standards formulated for refrigerator testing as per IS1479 appear to be signifi¬ 
cantly behind international standards. The Bureau of Indian Standards itself lacks the 
credibility so much so that even if it improv'cs the Indian standards, their implementation 
may not be effective. 

A national technology centre with all the modern hardware and software testing infra¬ 
structure needs to be established. Such an institution should evolve energy consumption 
norms and also issue energy labels to the refrigerator manufacturers after testing their 
products. The reliability may remain a problem. 

There is a need to ininxiuce ta.x incentives for energy efficiency as has been done in the 
United States. Saving by energy efficiency contribute to national saving. 

Consumer awareness 

Dealers and customers do not appreciate that higher ci'jsts of energy efficient refriger¬ 
ators can be recovered in 3-4 years through savings in household electricity consumption. 
The BPL refrigerator brings an estimated energy saving of tK5 unih'day. This implies a 
saving of Rs 30 per month or Rs 360 per year. Thus in four years approximately Rs 
1440 can be saved providing the compensation for higher product cost. 

Four e.xpianations of the disbelief are circulating. There is a lack of sensitivity among 
consumers and pi>licy makers for environment degradation. There is a lack of knowledge 
about means to the envin)nment. There is an ab.sence t>f consumer incentives to buy 
environment friendly prtxluct.s. There is m> mechanism to certify energy efficient com- 
mtxiities. 
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